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(57)Abstract: 

PURPOSE: To aim at the effective utilization of energy to a desired 
basic wavelength by obtaining an effective refraction basis of a real 
value of the change efficiency and a real value of the reflectance, and 
making this result feedback to the design of the SHG element. 
CONSTITUTION: A substrate 102 of LiNbOB of an SHG element 
100 is formed with an optical wave-guide 104. This optical 
wave-guide 104 is provided with periodical polarization reversing 
areas (domain reversing area) 106 so that refraction factors nl, n2 
thereof are different from each other, and areas, of which period is 
changed locally, are provided to form parts for satisfying the 
simulation phase matching condition (QPM SHG part) 110 and parts 
for satisfying the black reflecting condition (DBR part) 120. With this 
structure, the SHG wave emitted from the SHG device in two 
directions are synthesized by an optical synthesizer to utilize the full 
of the energy output from an LD as a basic wave light source, and the 
SHG efficiency can be improved practically. 
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T^. ) i^fK{41fS^^fl=^?^fcra5^3- (QPMgiSi 

[00 5 3] C©Ji^. i?SL<«, DBRSPtQPM 

[0 0 54] tfc, %^<omMm-n\t, l(ftL<it. DB 



[0 04 9] S/c. ±33iLfcSHGS^^iS^(iL.-C 
tt. a«=S:L i NbO, COL i N b O, S 

i N b o, mm<D. m i om^onsfiaosu^tc c i 

[0 05 0] Sfc. ±aiU5f£:SHG^-?<Dffi©*igC^i 
l^r«> »«*L i TaO, SffiiU. C©L i TaO 

, as©-cffitcgiwmgs^«3tsr/^zSjsss^^ 

i N b O, StS©, W 1 om^©Mfl'J©§l5^3-0C C ©^ 1 

©mSKiie o r -en^n^w p,n/cm 2 ©s® t r-mi^ 

[0 05 1 ] S/c. Sf ^ b < {S. Ttil^gSgifiiiam 1 © 



[0 05 5] ttc, C©^BgoSHG^KJ:n«. ± 

aiLJfcsHGfg^i. ^mti^u-ift. mm^^^^ 
[00 5 6] ttc, c(Dm^<Difmmmm(DSHG^m: 

tcfcl^rti, ±iSb/cSHG^T©DBRgi5iQPMa5 
i. ^DBRgPfccfcJ/QPMgPSKligSiSnrii^^t^g 

tfi, miiHDBRgp*5j;(y''QPMgp©-en^ni 

A. mri2¥^<*l^— 1f©Mffi®S<giSI*H<!:bTS>S© 
[0 0 5 7 ] S/c. C©^Hj©{fe©!!fji^JgM©SHG 

^Sk:fci,:>r, lilies HG^-^^: 2 {iffli,^ ^n-e-n© 
s H G^^^^B^rg^*3{* u — if © At=t^fc J: o'bbM^o 
)K:?5-K:{i5II«:i2^L> cne>SHGJS^<!:miB¥iS<*U 

— !f i * «: ffl t- 5 r § -tf r * -5 © Ai^i, ^ 

[0 0 5 8 ] ^tc, CCDWM(Om<D0mmmm(D SHG 
^gKfcUT. fJi32-:>©SHG^^A>6©SHG!S^ 

^EE-r S 3tiiS^#g * :a:X. ^ ©*i ^t, ^ . 

[0 0 5 9] 

um) ±.^bfcSHGmi^<D^nmif^^(Di^-j;mi>c 
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[0 06 0 ] iXtC. C(DSHGm'f-<D^mm^lrC. pj^ 

(7) •V^^P>ti^L'&^^?>, 
[0 0 6 1 ] 
-n (A.„c )]}•••• (7) 

fcJ;yf|?ai©L*>6'X^ (8) ifl^An 
An = p / [4L-n (Ao.. ) ] (8) 



C7) 

n 

mri>. c(Dtc^. sHGmT^^mm^^un<Dmm 

b - u > ;^ :6 $ ©^^fSOS 2 ©il^©53-SS^1S5t© * 

L = As«o / {4 [n (As„c /2) 
{BL/> n (A,.. /2) feiiy^n (A,„c ) ttSHG^ 



An<0. 1 ©KHtCiR$-SJ:^tC^^-r5. 
[006 3] S2is^©iSS^#^«J^7t^^fc i 13 , ^ 

(8) ©LB. c<Dfii^©4>©-c)^r< . -e®-^iS:fS?r<t 

N =n+An 

^^■r€.C<hAsai*S. C©J;^^l:?^5^^-C*5 
ffig©»jS©jgSK:?rtL-r. !g:g©^a!Hii i JE 

[ 0 0 6 5 J S fc> ^?«)Mff*N?:iESik:ffiSL/?c± 
[0 06 6] c:CD^BJCD±a!UfcS HGIg^Kcfc 

n«, s H G^^^7fe#i^iK©-sp^5: D B Rmmt 

C:©DBR1git©JSm'cti>*5J®Seita©JiW 
o-r. C©SHG^^©7fe^2KS§«. C©An€:5j?*;^c 



mf)^cnicm^-r^. ) = ^ (8) ^3:^^g«:^^<i:^<if^Sc 

??Lt:l,iC<>:35i^&tjK:*:)*5-,-CL5S©-C. A„. ©ft 
[0 06 4] cne.©M^*^^.S; (9) ^fflt^r 



(9) 

■i^^n:^^oe^©jSgtcMf£; L.r|gitm*6 , 

[0 06 7 ] C(D^(D±MUtcm^(OSHG 
^tcjrntf. Jbi^L-fcC©^?g©SHGK^=&^(^ 

Ci^ai*-S» C(DSHG^icj:tii£, SHG^^g 
<*3iSifS©?Sft®S3f:?gtc3sfl£; Ly-r?i5s£^*T.fcfe©f* 

c©^as#fe»*?S7te?s©m-r?.!g5fc^=f 

30 *€.*>^»bn^cl>*l. z|^<*u-lf (LD) A=6©»* 

^[n]± S -I* S C i *5 pjge <!: ^j: S . 
[0 06 8 ] m^ii. L D©-::&©ss*7^SM^=i" 

>i'' (HR) iT^f-':to9k:AR=3-7--f >i^-r 
-5,. -eur. C©LD^DBR^tit^W-r^>7£^?^i 
Tfe^WtC^^-r^.. C©DBR©J^»i«±i$(>fcSHG 
*^^©S*i^7£ai©2SS^cS*L-rW^tc«iSg-r5 J: ^ 
^■rS. C©i#, Jdaibfci^tCL-T^fefcAn?: 
:a<*afjtCB, C©jgW2L„, ( = Ao., ) « 



G©^Sg%Wr SgP^i^^^Ur S HGjS^^*?^SEL 
rus©-c. c©DBRgp^'&ff;g©S*iStc*tLrii4 40 -A-^ (i o) ^m&t^^^icWLM-r^. 
AZL.rSi+tB*^= S£i>T> SHG^^^e<*=&> -S© [0 06 9] 

KtJiW^cs*js©i^gtc>pfL'-c©;^f^t6r, m^r&<o{,^ix 

L„. =q A/4 [n (A) +An] 
AlJS^iSOjgg. q«iE©St!c-c*or. 3^^^ 



[007 0] 



■ ■ ■ (10) 

[ 0 0 7 1 ] < s H Gm-=F(Dm^mifrmcom.MyimDm 

^h, ^mmyt^m^ ( L l N b , L i t a o, , 
KTP^) ©@W©SS?^©i^Sffi?¥14tcM-r5x-4' 



©«J?£^mT0B, C(0^m:^mmiiiMi>mm.<D. -?■© 50 ^fcifC. S-QPM SHGifimmt^t^m$tii> 
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[0 0 7 2] SHGS^OaS^L i NbO, TJ^figU 
/tti^frC-rstsJiHJ-r-S.. ttc, S^jg^i&JiSiL'r. In 
P/ I n G a A s P*«i*U— If %ffiffl-r *JS^/£SS 

[007 3]5tr. InP/InGaAsP LDr. 
3 2 /umr-$>-5. S*?gOjSS*^C©i5<g-e$)-51©^© 

HI 7 it. mms^^mmw^Mtmm&mm-^ tvxom 

tli D B R i LrOtStgi ^«*3^fcS{>CD^fr'&J?;?.t: 
l»-5,. 20 
[0074]S-QPM SHGtDl^ffitcSL-^JIor^ 
SHG^^^JeOJSiMKiOLDA^^L^ C 

cDftii3t*5Q p M^fr *?ss-r -s c t ifim^x-i>^. -r 

^tb%, COS-QPM SHG-t'«. QPM^r^T* 
L=3 / {4 [n (A,„» /2 ) 

^Jdi-SJc^K. Ask, «lil^9 2 4nm-C*5. C©jg 
S©HWJlST*n (As„c =9 2 4nm) =2. 164 
■C*0> $)^c. n (AsHc /2 = 462 nm) =2. 2 
7 1-C*2)©-C> fEH:Si?9Lfc (5) SfCCnP.©^* 30 
ftAL-CH-mr^i. L=B. 4 9 8 M mint 

[0 0 7 7] 1. 3 fim©ifi^©7fe=S:/c-r^3*' 

'f:t-H (LED) ^^>^l.^T:c©7fe^jKK*^6.©Stt 

cntCj;.J.<t> 1. 3 2 7 ymK:feli 
r, s*t^©®:/j*aS'JL/c. c©*S:^^KK:iJiHjbfc 

(10) ^tcf^A-rSitiTWJS^inc?.. flLL/, CC 
■cii, p = 4 3i-ri. 

[0 0 7 8 ] An= p X 1 . 3 2 7/4x6. 49 8 - 
n ( 1. 3 2 7) 

= 43x1. 327/4x6. 498-2. 144 40 
= 0.0513 

^*^e.An = 0. 0 SiL-Ctl-s. C©filAn«S*jg 

3¥;j!g©iSg*5S!t+ nm^t)or^>ai^ t'mt L I ^ © 
r, «TUiBJ-r-SSHG^^©Sit«:^5S!i^j:fii<hL.Tffl 

[0 0 7 9 ] ^'J>LZ\n^m&^<^tt>i>tcmcit. 
An?::*«t)-C-?-n60^J^fii^3i?*niiAli. 50 
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t^i^-mmi^-citrjiiK ^^©g:th©B#,'#.-c> :7fe^&Sg© 

[oo7 5]-ecr. ccr'«5fe-r> m^cmmiytc 

(8) SCCfieo-C. An^*«?)-S, WT. S^i^^Ziii 

coo7 6]5fe-r. y*\'W^7y^m(D-^mt£m 

C©mTli^W«:^gJSe«3t©Jl«tt6. 5 Mm 

i'U-if*c©:7fe^iSgSM:mir As.. Eli 
2*5-g-©iSm-C$>^. HI 2». «W©S:*:?S©jgS 
<nm) ^rBXtJ, gSSiK S H©7fe?^^ffi:g©#{4-r <t 
■oTTnL/ifcTi : ■t^7r -^'-^U— tf©;^-^^' h^W^S-fllS 
t?4,S. Ti : Ift^T-Tt^— ^'©^'J^t^H^^S 2 0*> 
e>9 3 0 nmgKK:E^nTt^^,P^-C. 3y:©QPM 
^A^^^S5e«i&©^»!2 L C itCitc^.. 

C©it, ^(4) tcfct-^r. ^i4=l:3tSL//cm©S 
Affi*^6m = 2i^SL'/c. -r^c^D^. 
-n (A.„. ) ] ) •••(11) 

[0 08 0] $fc. COmmmVit. L i NbO, 

[0 0 8 1 ] <^^5!l*?rl^±?1*S/ci«>©SaSiy'S 
^M®^S©Si?^>'^«:> ±iai©*a'&ffli.»r*8?)fc^ 

[0 08 2)^13 tC^-r S HG^-?-«. cl: ^^mmtj: 

mknm<Dm!S.^mi>fc^ic, iasfijffli^a3ooi. 

1II^SI|SP#S3 0 2i^*X.-ri^^„ C©SHG^^ 
(i, Li NbO, ©SS3 0 4iC©SS3 0 4©+C 

m\^wt}i)hf\fcmm^^mimm^3 0 6Rc;3fe^jsss 

SOSi^^^^ $6K:;iW3&^}^SSK1tit3 0 6©7fe 
2S?SK*tc^;ri:2,a5^icm^*tinA5fce6©iiS<»: L 
r. 7fe»?g^gS±«:^S<*JK3 1 0^/M^TKi:tenrc^ 
l©^@3 0 2 a<«:. ««3 0 4©^ 1 ©SS3 0 2 a 
©MfS'J©gP»«:C©» 1 ©mS3 0 2 aK:?Sor-?-n-e 

ngw6nfcii2©^g3 0 2 b tx-m^vfcmmz o 
2*^x.rt,^-E,. 

[0 0 8 3 ] S/c, »ffi3 0 4©mg«3 0 2 ^^l:tfcffi 
®SS^M©ffiW:«, ag$fja)^^iLr©-^Jb5^:c^^ 
3 0 0^^x.rc ^-5>„ 

[ 0 0 8~4 ] mm.^m 310 3 0 s ©IW 
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i)n-~2 u.mmS.(DS i 1 0 -C^RgLrCi-So 

CCDS i o, M3 1 om}mtm^itmi^^mmic.i:^ 
[0 08 5} mg3 0 2ii. tKoms^mcom-kit. mm 
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mG=idk^Omftlittj:(^rj:i,\ Co:>mm0i-Cit, CCD 
[0 08 6] y^K. m'SS 0 ZtCiOmifSflSlLfcii^ 



^aStCL-rt,^?.. ^lCD^@3 0 2ai:ll2©liS3 0 
2 b i©P^llG«:^tr^^.i7fe^-SK3 0 8^^S©* 

An (A) =- (1/2) • (A) 
iRL. r.. U)li—Amm^^mi-C&'0. I,iNh 
O, -CIJ3 2X 1 0-''m/Vf#>S. i^. C®{i©A 



mt^An (A) il/. «ffi3 0 4©ZI4:^[S] (CffitC 

^©^{b«;?is (14) -e^^ 

[0 08 7) 

r,, (A) - Ez • • • • (12) 

^ctictjii,, i^ic. ccommmaom-^^i. s-QPM 

S H G«^^^^-r S c i Ai-c# S c i k:^c ^„ 
[0 0 8 8 3 SS3 0 2 (CSEEV^rEPJnL'fclg^ 



3 0 8 © z :&rS]©«iSfi£^©;^^ ^ E z \tmi 

fcJ:C/^2©m®3 0 2 afeiO^S 0 2 bWSPiA^Gr- 

^^li^. etiy:©ii: (i 5) -c^^^nsciAs^p) 

[0 08 9] 



(CO;*?. S»f*n (A ) ©HS:-C*€.nt-U'>;^SL 
c ©MiT^^-jfi^'SSt^A/ {2n (A) } ^Pmt 

<!: 7-5 ySS^^fr A 5 fl^i ©S£.^.?:$ijai-r ^ 
ciA^rt^., c©<fc'5«:L'T> c©3b^.©fiia^JlW 

Ez =V/ (2G) (13) 

( 1 5) S;* ( 1 4) SiKRA-rSi. {lQ)^ifin ★[0 09 0) 

e>ni>. ★ 

An (A) =- (1/2) • n' (A) y,, (A) - (20 ■ • (14) 

cc-c. m^^ii. s-QPu^mc-^^^^x^m-r^t. it-c) luro (17) ^©^^wr^'a-s. 

S-QPM^fr (KXCQPM^fl^^^fJffl-r^iiS^LTiV [0 09 1 ] 

(.^mm.^mm<D^mm. a/2) = (oPM^f*) 

= ( D B R^fr) (15) 



(QPM^fif:) =A/ [4 {n (A/2) 
(A) } ] 

(DBR^fl:) =p A/4n (A) 



' (A) • T,3 • (V/2G) ) ] (18) 

-IS. C©i*©DBR^mi. &.T(0 (19) 3j©<fc 

[0 09 4} 

(DBR^fr) =pA/4 [n (A) +An (A) ] 



[0 0 9 2} ±32l5L/£: (1 7) ^liSHG^^f^iSl^ 40 = p A/4 [ n ( A ) - ( 1 /2 ) 



(A) 



ffltc J: 0 (135^ 6 ©-f^a^^imT 

[0 09 3} cc-c, ^@tcmEV^EnM-r-5.<tlS#f* 
n (A) *sgf{fr^„ C©/c*, QPM^miiilT© 

(18) ^<DJ:'jicmtt^. 

(QPM^^f^) =A/ [4 {n (A/2) +An (A/ 
2) -n (A) -An (A) } ] 
= A/[4{n(A/2)-(l/2) - n' • (A/ 
2) • T., • (V/2 G) -n (A) + ( 1/2) • n 



■ (V/2G) ] • • • • (19) 

CC-C. S-QPM^ft*^6©-rn'Sr«T©J:^tcS« 

r*. jti^Kf'pKsnircQPM SHG^^co^m^^ 

«it©jl«l!ASA' -C*-o/ci-r^.i. 
5. = (A- /2) - (QPM^i*) 
5, = (A- /2) - (DBR^fr) 
SHG^^©aS^{k-^^^i?3iK:S-:y< S-QPM^ 
©^#305^*1-. 5. ^0. St i^Ottx-ytci^ 
^, JLaiL;rcc);^tcmaEV?:ilg-r^.C<!:-C> 5, =5 
, = OirSCiAiftS. 
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ft^nj. ^SK:ttl£'£EPJDL/rt,i^cl,i<b#©QPM^ n(l. 3wm) =2. 1 45 3 8 

ft^S^L. mi Hi. mSKl 0V©mE5:EnJiaL/fc n(0. 65/im)=2. 198824 
JS^CDOPM^fr^^L-Ct^S, S4>. (DBR10P = 43 

=&ft^ I I I isJ:mm I vrTnLt:*^... Ai^ cWcfc^tc. s HGm^m^mm^mm!^-cco^i^ 

i^. I I fciiy; I voiL'^.ommit. ^E^&enftiL^ti^Ji [ o i o i ] i^a^ ±a!L./cssaisu=^i?sijai#si3:. 

■g-tCit-<r2n mS< ^CoTCi^.. eSoT. S H 55-QPM S HGS^C75^;'iP)-r, DRRg|55>iQP 

©^ftJbcD^^^j^lt 1 m^^co S H G«T<D^ MU^t^msm^^ tcSH G^^Kffll,^ C i 4> -C # 

f-SCitCtorffliE^-r-SCliA^-C^, SHG^-?^© [0 1 0 2 ] <SHG^T-©i^BJ>'Afc, SHG^^-tC 

[0 09 6r^XiC, aSS«aiQPM^teJ:CXDBR €fittBj-r-5. ±^L.ifii5S; (4) ©2o©/^•7y-^^m. 

^<i:©^fi^i;c-='l,»-rSi?9-r'5>. -«tC, SHGS-?-© p © 5 •^m©<illi^«e«jK:« 1 Sft:ti2 "C^-S, o 

sa'&^{ts-ii-?.ci«:j:oT5fe^igi^©)s$f^*5^{b LiNbo, 'kmicmi-fxmm-r ^ t . 3t-i^> 

f -SCi/iiS^enTtiS. XSLcttS*jfcfe?i^.©jgg3!)Sl . 3 wmffiKf^ntf 

[0 097] ^m^fsmbtcm-^QPu^is q umm&-x^$>^. c©ga©^-c$>n«. ^^©r 

j:!:;DBR^©^{t©irf©tt#iii**'T^-r. lais ^B4^>-ormtf, s«8W^siii«jS*?f5K£f ^)C<!: 

R^n^tcom^^Tjkirmx^^, mint, ^im.<o^^ )n^mriv>(omi4omsx^i>. cneocii. 

(nm> Se^S«jt©ffl»l«ra L T LiNbO, ©JUt^^t^^TS <k> pOfflAUS^cn 

i^'S. s^. =it-u>;^s (QPM^) %?fs-r-5. 30 If (4) ^f-^^iE>ns^m±o. 2 5 wmga^^k-r 

^fr'&fli^VfcctOTiSSV I ^mLT$>5» fl,«VB. -5. cnK> 3 1- U>;'LS*so . 2 5 y mtcS^f&T?. 

3 0 OK©SffiT©JS^©QPM^^^b, K^V I m^m<omt^f^^^^t^'^^&i.±.m*^< S HGiSS 

a. 3 5 OK©SgT©QPM^ff^^nbTI-^^.. — ^jSJRm^^Jrt^ Ci ^. -eCT*> C©^BJ 

73. (DBR^ft) ^ftmv I I te<i:DqKEi^V I Tti. D B Rlf^©giJ^<>: S HG^^i t^r©a5^t 

I \ XmhX^Z>. ffiiSV I Hi, 3 0 0K©S^© R-©:)lc^jm (— <*:B«J-r$)-3-C «>S/ctffi;?iJMr*o 

DBR^f^^^U. ffi^ I V«> 35 0K©DBR^# ribi:!,:'. ) «:feC:.r:9-Mf -5 C ttc i C©Pp^S^^ 

?:S^Uri,^5„ m \ 5K:m-rJ;'5K, K^V I*5J:C/V ^-r^S. C©B^. ^.^iyfc^ ( 1 ) r*^«?>fcAn=&fllt,^ 

I I I ©S.l§©i3Wl3:, 3 0 0K©lS^K:J;b-<-C4 0 n ^. 

mS<Sco-Ct,^?,. fif-^T. SHG|g^©git±©f5-e [0103]-ecr> C©^©SHG^^^^^. SHG 

xnsE.^ri>CLi)iX^. SHG»^^©SgS5a**S;^ G^^l 0 0©<g3t-rii. miiLiNbO, ©»« 1 

\^ir^cti)ix^i,ct\<ctj.h. 0 2«:, gEK:gi!gt,fcil5«^r:^ffitc j:-,-r^fe^j^8S l 

[0 09 8] -^k:, ss$ii?ai©73*5. w.nism^it'< O'l'kmis.-rz. ^ux, ccoj/trnm^i 0 4{c«. s 

rB#r^fi<)i^j:rD^i£a*5ilti©t?, ?g^firfai(cJ:iDfc*3j; fff^n, . n, *sS5i:tc^)tc^ J: ^K, ilWflfJ^gS^ 
-^©ffiIE5:?T-:>rte(,^T. ®^S?:m)E©EntotcJ;-S,S ( f-'^ ^' >SK«JS) 10 6^^t:t> -^©iSW^gP 

^Slim£:J;o-r^?5CiA5S*bt,^ :9^e5K:^;i;fc^i^?:g:W-2>C<i:tCj:-:,r, QPM SH 

[0 09 9] Sfc, i^i5E©-7* h VVif^y ^com^ii GgP^l 1 0 iDBRSP^l 2 0 i^lf^r-S. C©^i 

^-[-nm(Dmis.x'^^-^->^£tsm-rz,ctf}i !^(oi±mmf^ commmxit. qpm sh 

r#«>, SfoT. ^^©SHGS^^Of'FigtCteW^^'Pi? so GBSP^M l 0©^aMfW«:DBRgU»1.2 o^^wr 



tt. sHGmi'o:>ycm-&&icBmstitc'mr^tQPM^ 



[0 1 0 0 ] i^. mi 4fcJ:Df01 5fc^Lfcmi?§liai 



Rl^fe^L-rti-So n t-b>Xg (QPM^) 



G= I ttm= 1 X 1 O-'m 

T,, = 3 2. 2X1 0-" m/V 
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gf5^ 1 1 0 fc'ct 1 2 0(DB^yfii:BmtmC-C$>^ 

BRgjS^ 1 2 0 im:^(D^t^)^u-r:iii^mm^^m 

A„. /2 = p A/4 [n (A) +0. 0 5 



Cll) #13^6- 1 9470 8 

20 

[0 10 4] CC-C. SHGg^*-^<tLr. 0 Uc 
lo©SHGg|5:S'<i:. AM^MOC^ltfc 1 ocpD B Rgp 
t^iItciO, «:*ig?©ig^S^ 1 . 32 7 ymgSi 

^ ( 1 2) -c-^^ens. 

[0105] 



^ 1 ] 



(16) 



CC-C. n (1. 3 2 7) V^iifib, 1. 3 2 7/4 
(2. 1 44+0. 0 53 1 )=0. IBli^cS.* 

^f$b-if (LD) ^<mm$Dmi:t. p*i$»-c*5« 

/2 = 1 . 0 6 umhtx?,. 
[0 1 06] QPM SHG^»<D^mmA,„, 

R= { [ 1 - (n, /ni ) n. ( 
-5- [ 1 + (n, /n, ) n, 
ni=n(l. 327)+0. 0513 = 2. 1953 

n, =n(l. 327)+0. 0513 + 0. 001 = 
2.1963 

v$>i,tftib. 7 5 o^sg (2x= 1 5 0 0) irna. 
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?iK:7eSjg8S©^®»f*^a]'5Ci*5-c*, ^JffiSe [09] S HGSg©Sft©gSB^K:0iT«.. LD©^SS 
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